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[4#fFflt*ofiSK] 

WZfrm Ul*l;LffiE#»l UfctiMB £ 0tK 9 fTjEffl-^«« £ 

WEIMfcoEfi^ifti: oBt?8 l oigii£&&S££?r ir* 
£ oF^rfg 2 <z>fi5SB»*^ LT*«oteiS*ff 5f 2 

flUieeiSK u r i >s c t * » a $ « a t , 

^#J& * fctt *. S £ i: 4r»* i: S EttlMtt gfo 
[ff**l2] «l«r»IIU ***^*<S^TIS5PjE 

[t**«3] |***2tt:*3^r, mE1ftttff>K&ftK:. 

* s c £ £4#ta £ ir s EttMttsiE. 
[n*«4] *fctt3^*3i^r, miBttann 



(2) M¥6 - 2 8 2 3 8 5 

2 

^a U^(cffIE»*J Ufcfil* £ ttK D ITjEJH o*« £ 
^S<3^T*«©K *aarfT^, CI 0 #*>^ 

tt« ffi £ im «r 5 E«»j«ss«r-*> o r , 
IWE**a>Ett#« t (omxm i <oeiSK» Srfl- ir* 
*<oea&*rtf5*iotei£#«i:, JfflEtt**>E1**« 
£ wflBrflS 2 coi&i££&S¥£r;fr Ur flMR^feiSSrfi 1 5 * 2 

(WEBi»l»3^*|»Lr^S^^fc*a-rs*B*«i:, 

^T^SSo5*), 1fflEE«¥«fc»JS-r6<**J*rtB 

*4»* £ 6 EltMfli ^g 0 

[M#«6] 18**15 K*s^r, iWE»i <z>tei£^«£ 
»2W«S^«fcffiE^teiS¥«*w5fc* IW*:bttt 

^*>*ffifE*siSi»o»i*j; Bd>ft^fc*>**Jfli ureas 

■T * £ £ & tttt £ i" Z EWH IB *. 

^ [is*iS7] »*«5 *fci*6^*5^r, wa^eisw 
i^; WE*a#*r«aufc«i»i»{c:*fiiSixri^E 
«^«{c«tt*nr^siWEjBi cotea6^«*fcttjB2 

o^^S^^^a Lfffli:t6^i: ^4#t»i:-rSEm 

fia6W«ctt*«^««r#BRUr«aw««l*r 
[111**9] hW-Wflii:, 

t^r, 

tWEtt*»E«8«o*/r i:inEE«««i8«i:l4, 5B 
l *5 2 <z>«iSKWS:^ur*tt$n, 

mrEEttftijnisec^. iwe*^ htum^ssits***: 
«««rcs<5^riR>?frjE«(z>«««:**u, 

ME#W U fcflMR ^ttKt) ITiE^ (DUMB i * AQEKiSK 
*^urmEE«KSJc»ur»#i&tf*j»S:fT^\ & 
tt«^E«^«3&»6>ott^au<z>»J»*fT^, s^tui 

Btt-r 5 »]»»£* 

ftjElg^^EtS^Si: <OMriWE« l <z>teiS»*Sr^ U 
r«««>KiS*:fT 5 * 1 Ols^a^ , 
flttE*«ft^E«¥« 4: oFflr-filjEm 2 S:^ U 

r« ffi^te^^rff 9^ 2 (Dm&^&tt *=ffU, 

l o|ga6#ar*5 AD'S 2 cote^^S^^-^ ii m 
^JEle^SS **&R U r ^ -5 c 4: «: a*T £ ft a 3M£ 4: , 

l^Etta*srt^^uufc*l»urv^6ea6l»*ttffiuft^ 



3 

t^5iB«K«*cagift sixths, m<Dum&&<Dmm& 

[0 0 0 1 ] 
[0 0 0 2 ] 

S'fSttt, • • v^^E-s/K 8 8 (1 

9 8 8¥) w»i o 9S^bSi i 6M^f^3t rr y 

7*<Z/i/-7 *f 4 7 $ 7 (ACase for Redundant Arrays 
of Inexpensiv Disks (RAID) J (David A. Patt erson, Gart 
h Gibson and Randy H. Katz) (C^^TR A I D (Redunda 
nt Arrays of Inexpensive Disks) t P£ lift 5ft tffsWIB 

[0 0 0 3 ] _h!SR A I n<D($m$, «*<Z>fBi£^g£r 

(bitecc) {z-i^znziL&'T-? *mn-tz> 
[ o o o 4 ] ftfrfsH3CT-hi\ raidi^ow/w 

fc4MKSnT^5. ^rC04 3 (752#g (J£*T, RAD I 2 
£i^5) t, 3#g (EAT, RAiD3i^5) £12, 

^^^^r^5^r-^ttfgic>Eixr^5o raid 
[ooo5]-^ iattM«i»«<DfSffltt«:m±"rar. 

TAX .3^*— Vol. 28, No. 2 (198 
9 ^196 HJ&»fcJS 2 2 61 (IBM SYSTEMS JOURNA 
L, VOL. 28, No. 2, 1989) l£*31^t\ 1 ^ 7 ? V =l 
— -MC*J"L 2B<Oy<7X'r — ?mi£T~$ 6 3 8 8 0 
^3 £ , l {®<Dtj 7 Z # y ^-A(:^L4 <@£>/*;*t- 
^$si£T-£ 6 3 9 9 0^2 ^W^ixt^ 
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[0 0 0 6 ] 

SK«FO_bIBSfl5*, JifHR A I D 2 Sfci* R A I D 3 
^2S^-T6^^fCO^T^^6o JttjfB2 0<OftWi2, * 

[0007] ::t\ 

10 *MECC^-^ (£JLT\ ECC-Gr) £ ^ 0 
ECC-Gr <7>ffl/r<0|S«S8tt^*lBtSnrt^ 

^ (£JIT\ '<*Gr) tV£&* ^Gr^fitoS 

S»<&#*>6. fiaS^F^rifittlBttlKll^flFSE-rs/^^G 

£5 e CLOPS, 'OEftgf ^iS^i^/^GrTE 
CC-G r a»fc<^R^fflL*:J3Ctt5 ^fStg^S 

— ^t^AffcTr — ^ \y=t — KStjELI^ LTC PU 

^4v^t?, ECC^Hf-ft*)SRAID3WR 

[0008] a>s^G r &mm^-*im 

a- K*EL<K^I±Jii:*< ftSo o£ D , ^jfeo^ 5 

[0 0 0 9]Mtf, B2&#fSLT«JH£ftttfcRW 

1-10 3 -n £ffit£SJffl!^ffil 025-l*5<J:U<10 

gEgPflte, *#a*^«ffl"r*^^ 105-1-105 
-n^Grl 0 2 6-U, R^j&^t;«fflt5^ 
40 ^ 1 0 6- 1-1 0 6-n <D/*7 Grl 0 2 6-2.W 
fe5o H 2 \Z7f:-f X 0 ft«ri£^*5l^T, ^105-1 
2*&KLT^5#1&T-^G r 1 0 2 6 - 1 T*^— ^ lx 
=r- K**# ^f^^gf 1 0 3-1 

T-/^^G r 1 0 2 6 - 2T*f-^ K^^^ffi-T 

P U 1 0 1 (C^i^LT L.* 5o ^^^G r 1 0 2 6 

-lW^iC^S^ /^Grl 0 2 6-2^i 
50 )8t6^^<iSilTl^j;<tt), /^Grl02 
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6-1 X-&* Astir — * U=r- K«riEL< R^ffi-frtt 
[0 0 1 0 ] £ fcfc, mi5»3t rr ^-f* 7*- 
f^^J t£ 13 G r <Sr^ ITRAID2 

jo r a i d 3 zmm-tzm-snz. tn-mRztiT^ 

[00 11] *:CT% lB«fffl»K«rt 

SStt <o ft ± £ H -5 r £ 3ft«-e# £ iattWJ»SB 

So 

[0012] 

m 2 wfiiSi&WS:^ LTtawSiSfcft 5 * 2 

*/ftt, mia«i»i»3&*iSkBuri^5r ^*«w^5*ta 

[0 0 13] Sfc, C1K*J1HSeiK»c. fitTl5-|f«0^iMB$ 
[0 0 14] £<btc, ±T<z>teasK<z>5*>, ffjlElE«3* 

£ m 2 <z>iejS#s £ mresKiEjS^a ^oh, 
s^in m * 5 miscast £ o & * ^ t> o &mm 

iS»(c««t * ^ s iste^is k «ix * tix ^ -5 sue« 

l <D<EaS3MB:*fcW:» 2 o|giS*«:*K^a L¥i £ i" 



(4) ^H¥6 - 2 8 2 3 8 5 

e 

[0 0 15] ±|S|5«»J»SS««r, ««<D*&SS: 

[0016] 

«a^ttRDfiiEffl<7>«« (ecc) t&mm& 

[0 0 17] 1B«WJ»JS«M\ ^itStt^OfB^^ 

«^OlBT-*l.<7>tei35j»# ('<*Gr 1) Sr^LTflMR 

oejssrfTSwioea^a^, miaa»<7>ia«^«i: 

(Vffixm 2 0<Ei3S8&»&^ LT««0<Eii5&ff 5 * 2 <7> 
<EiS^« (^*Gr 2) t&HmX-Zo RSB 1 oKas^s 

*B L T ^ -5 ffl Ktei^^ \Z.»m S ixT ^ 5 ISS^S {i* 

[0018] iH»»j»se«tt, *«<75*sa&fl#fc, 
[0019] i£tz, sijiaPB*«fciB«:«ffl'5rfi&tti«^i- 

tf/^ G r L WIC Lt i # MtffNtfft 

[0 0 2 0] a««Ki»#««:«*.S»-fr^tt, 31 

5<? #S tt 



T 

[0 0 2 1 ] miBrn 1 <7>$gi£^|S:£m 2 (7)$Si£^ 

0£flJ/B LT|Ei£^£o C04§-&|CI3, Gr 
SrfT 3 ii: Sfc. K*UiL*ffl^»*ttl5(!*o 

[0 0 2 2 ] BLbJ: * , IB«fW1B8«^>flr«tt3ft«Hi±+ 

[0 0 2 3 ] 

immm] bib, **«ic*<5<Eti[t»]» 

8110 211 f t^^T^^ (giTCHA) 102 

T-^^-W(:«#r^s^5/77 (£*Tbu 

F) 1 0 2 2 ^ n ( 2 ^ n) iOl^f^ ^^gtt 

f^^f/^^ryy^ (BITDVA) 1 0 2 5-1*5 
^1 0 2 5-2 ^, ni«f^^rSll 0 3- 
1, 103-2, • • • , 103-nt DVA102 
5-1 t n | (Olgf ^ ^ gf ^ 5 n i 

1 05-1, 105 — 2, • * * , 10 5— n <!: , D 
VA1025-2£ nm<Dm^y" J ^ ^ gf <!: 
6n|^106-l, 106-2, • • 106 

IS) 1 0 2 3 ^ ^ ; ey'l 0 2 4 ^ft5 9 
[0024] CHA102UBUF1022 
^(ilffl<7>^^r*lBgLri^o. BUF10 2 2 

^#DVA 1 0 2 5-lfcJ;O ! 1 0 2 5- 2 i:ll nffl 

2 313, >^ey 1 0 2 4(C*S^^nTl/^^ni^vA^> 

SS«<7>WJW*T*3r<C5« CHA10 2 1I1 CPU10 
Uv-f^uypi?;/ti 0 2 3 r^CO^— ^lEi^^t" 
5o ^rlT, -^Y ^ c^Ptj/iM o 2 30jg^(cj:o 
T, CHA1021|j:CPU10UBUF 1 0 2 2K 
^—^(D^m^-t^o D VA 1 0 2 5 - 1 

V1 0 2 5 - 2l*-^>r ^ nT'n-tr s>*i 0 2 3 Ojg^tC 
J;oTBUF 1 0 2 2 i: ni^^T^f^^gf 1 0 3 
-1, 103-2, • • v, 1 0 3 - nm<Df—?mi£ 
^-JCfc:^ 5o D V A 1 0 2 5 - 1 fcScfcU* 1 

0 2 5- 213, BUF 1 0 2 2<i:i^Wi$vT'f^^g 

102 3 tc^-?mm<D£:%zfr&>^tz^ t zm^-tZo 

DVA1 0 2 5 - 1*3J;U<1 0 2 5- 2(3, 4 ■& 

ia«-rS7 f ^^^S6«4:*:flt*.5. Sfc. DVA10 2 
5-1 £ n I W Wf ^ ? gi i: 5 n § 



(5) ftH¥6- 2 8 2 3 8 5 
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^ 1 0 5- 1, 105 — 2, * • l"0 5- nS:/^ 
Grlff-^o DVA 1 0 2 5- 2 i:niOter>f7 
^St^ftKt^nfi^lOe-U 106- 
2 , ■ • • , 1 0 6 - n G r 2 

G r 2 t\ZX 5 2lftLT^5 e Sfc, ^fefC, ^;*G 

r^J:t)«DVA^(t5«t5^Lrt)i:t\ ::r-, 7 

u=r - K£##JLTK0fTiEflF-g- (ECC) £{«JD 
10 ECC^-y (SIT, ECC-Gr) £0£-£ o ECC 
# (ECC) SrKttrrs t><Z>T'& ?) , fdlO (n-2) B 
E C C (3 , n^O^^v^J^^gCOf*], fiSSC^-f;*^ 

[0 0 2 5] ±150 l«c^-TI5««J» 

stjiam 1 <7><e*i»»*^ it* «<7>eas*fT 5 » 1 

L, K«l^<KiS^S^J;t^«2^fia6#So*/rW:, 

*#isu s 1 ^e^^^t;i 2 oteSf gtc^ t 

[0 0 2 6 ] JilEiattcM»KBIc*5i^r, « l <z>!M60J 
Co^ti 26, 12 7 *5 ^t^Hl 3 1 Sr#flg bT|^0^-t- 
5c *l^*JSW*:KW'#--5fc«)<iO«^:ig*rH2 6, H 
2 7*5^^13 1 ^^"To ®160^^JT-|3, H3 1(C 
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[0 0 2 7 ] KTM, ^P 1 0 2 4 tcft*ALT^<5rt 

[0 0 2 8] i3^^T>^y 1 0 2 4n«**£*L5 

A<7)ffi^3 0 2 ^, ^*G r afigttffll*^ » ^7 A<7) 
{RJ£ 3 0 3 ^:, 3 0 4 ^ G r O 




(6) 4#§i¥6 - 2 8 2 3 8 5 
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S 0 /**o:Rl»<Z>fiH«3 0 4{ctt, ^^^r^^^nj 

-T-5o /^Gr^«l6!R1lO««3 0 5tt, /**Gr« 
it? im^^7Aia D^^tlt/^G r 0«f^ 

[0 0 2 9] '*;*oW**>WS3 0 4{C^oit^^^^CO 

0 Bll:fclU^10 5- l, 105- 

2 , • ■ • , 1 0 5 - n (D^m^^tl^tl^-r, 4 
01-1, 401-2, ■ • • , 401-nt ill: 
jSij-S/^ 1 0 6 - 1 , 1 0 6- 2, • • 106 — 
"n^)«fi4rtix€n*t, ««4 0 2- 1, 4 0 2 - 
2, • - 4 0 2- nti:^ntl^ o /**<7>*fc*6 

^ cii, ^ i ^-riE^, Mint, «c«o 3 

So 

[0 0 3 0] 
[^1] 



3g# P*3^ 3ft Efc 

J 1 1 ffifflqlftg 

"3 0 0 ttSttK&WLT^T.ffiffl^nJffi 



[0 0 3 1 ] ^ltC&^T, jEWIS. W^BUF 
1 0 2 2 ^ ^r<7>^^^**ft-fSi8[ft^-f * ^ ^gracov^ 

*>/<J*3&«* MWC^IEfi'e^oTBUF 1 0 2 2 ^-?: 



2it»<o±ffi3a5 i &b»3itt^jE«Ta>5c t&mi,, 

2*i#<DTtt**lfefc* W».bjE*fc:*5£ *4:«U 

[0 0 3 2 ] /**G r (75««6ttl»^**3 0 5^ 

H5*3J:tf»2 Sr#SR LtRMtS. 
[0 0 3 3 ] 
[*2] 



40 



(7) ¥fffl¥-6 - 2 8 2 3 8 5 

k 2 /\*G r O^fi^H " 











1 


■iE# 


1 i 




2 




1 0 




3 


ess 


0 0 





[0 0 3 4] ^iS3 0 5 13, /^G r 1 0 2 6-U, 
1 0 2 6 - 2 i:^«l6tt«S:*"r^:«>0«*t Lt, « 
^c50U 5 0 2 <hM#a>;ft,T^£o G r <7>«fE#C 

:t^7to F^gl*, ^O/^G r a***»^£nwu 
U^ttJH^^ITCfcS^ IE^^^-t-ffl^2ii 
ftfl)ii, f5^ftb¥ffl£^-rffiJ2 2xI$:cDi o, MS* 
*r/7ttl4 2l«:(O0 0tfc5. 2#rO 2 x§«fc<aJLffij3* 

[0 0 3 5 ] #CM, !8fcffl^r^G r««B«t1fiftS 

^ l/l 0 2 4 \Z#M£tl&'*XG t mtfeft1&&: 

[0 0 3 6 ] H8fc::*3^T, W ^ n^n-fer ylM 0 2 
3 13, y 1 0 2 3 fc>««3 0 4 S:#SaUTlSkW*fc 

4 icfttt^ixr^^S^^ttlBtt, DVAl 0 2 5- 1*5 

j;t;io2 5-2ia v r ? *mz.&mT-foz> z t& 
$ u^fu^ j/ti 0 2 3^ 0 

i*5^Grli /^Gr4»*B!»Ct6(ttl8. 
0 1). ^ r T% zmtMih LfcOtt, RAID*#1 
Lfc'**^!*, ECCHJ;DftS<7)2i*t^f^ 

T% /^G r 4#tHiLT«ffi L4^i } tt«. M 
3S8 0 1 {C*5lr^rBB*$*bS^^G r 3ft«*i:fcb (MS 
8 0 2) , ^i^tlt^^tv^G r ZlEISb Itft^ 

l, ^g r«iMftfflft*a3a*j*T-ra (»iso 

3) D BI&S^T^5'*;*G r #tttfixli. /^GriC 



(MS 8 0 4) o 

[0 0 3 7 ] JUlTtw, x^G r|:Hli«ft^e^G 
r Sl^^^SO 7 p -$ri 9 tri§^t 
-6c H9*£*3^t\ v^^D7Dir^tl 0 2 3fi, > 
^11 1 0 2 4(D^i£4 0 1-1 ^««4 0 2 - 1 £ K« 

5o ffl*4 0 1-2 irffl^c4 0 2- 2 

*ixT^^5^^tt1»<7>rtS, • • \«84 0.1-ni 

«tt4 0 2 -n t«cftjW*nrt^^^*ti»^rtaE-tn 

7*-<^^3S«3&«^^G r HT^lC — Sk-ri^j&^SrW 

(MI 9 0 1) 0 SS^K— Sfei-5<75ttib zm<r>s<* 

G r £^{ClE*iCU /^GrIi»^MI»T 
-TS (MS 9 0 2) o ^£ Lftl^fc fetf, 

o^^oflJfc^^/hBaW^fcS^tH^S (MS 9 0 

3) o */MH«3S**>tt«, SHiD^^Grmffl 
LJWHtcL, ^ftl^/<^G r (MS 9 0 

4) o ;M*H«J&*fcttntf* SfcO'<*Gr«tB»tt*r 

(MS9 0 5 ) o &t£, IE#<Z>/*;*G r tC*5^ 

fcittLTR*»#&fTfofc^J: 5 fc-T-Sfca&M, 0 2 7 

(MS9 0 6) . tLT*ftli, afc«*fctt» 
3SBfl*<^^^3&*3ffl»-h^>^^G r SrH*{w-rs (MS 
9 0 7) 0 

[0 0 3 8] J^_bO J: 5 (C, G r 

MSI3. IBtgSiJ®^S$:«}Ri^lKi^ii:^^^. DVA# 
/^<7)4feB*^'<^D7 P D-fe^f 1 0 2 3fc*#L/!:PS 
40 ^ n ^ui? j/lh 1 0 2 3^*5^45, 

[0 0 3 9 ] IfeK, 1B«»J»KS^*3«J Safift-^-f 
glg^GQ^-^ co^# i£^MS £ R^fcH bMS £ tf>MS 

[0 0 4 0] *i\ H 6 S:#l Ltf #a^aa©7 n 

i&cDm 3 ^ y 102 4 tc^^^ns^^^^M 

[0 0 4 1 ] (S6lC:f3^T, -^-f ^ n^a-fer o 2 

3tt, *#i&tf7*— 9 1/3-FSrCHAl 0 2 13&>&B 

5<? UF102 2^ts (Ms 6 oi) o *tc, 
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£^*G r ZmtR-fZ. ^<D#±mte. \ 0 24<D 

^i$3 0 5IC|S«Lr^54tO)^Gr 
#»LTjE#<fcA<;*G r jE*(O^^Gr3&««* 

GrWtlli, CPU{CJI«J»T4:«'&L, 
*aa«rH*T-*-5 (&S6 0 2, 6 0 3). + 
Gr*:SJRT*fcb, BUF 1 0 2 2l:^^nfcf t 

3 (n-2) (M6 0 4) 0 - 

CO (n-2) ffl^^— ^<Z>** tUC^LTE CC&f&S 
U ^&n{@{C-f6 («iI6 0 5) 0 £jh,fenffltf> 

D VA£riiliR-r5 (M6 0 6) 0 nfflco^ — ^£BU 
F, DVA, ^^^^^^SOjiK^tei^-r^ 
0 7) 0 ^i^tCjS^LfcibCPUtC^^^T^a^L, 
ffcRfcLfcfcCPUfc»#J&T&«^ MI6 0 8) , 
H8^-r^^Gr«tB<fc»»S«ia^»ftU (MI6 
0 8-1) , »*3&^te3SS:il*T"t*5 (M6 0 9) 0 
[0 0 4 2 ] £A±<D& jlZ.&m'tZ Z.t\Z.£ 9, JEttfe 

[0 0 4 3 ] #CtC, H 7 Sr#«LTK^WLte3a<^:7a 

ttffl-TS^^G r «r.3SK-*-«. r*U3, ^ ; eyi024 
0>««3 0 5t£lEtttLT^5£T0V«;*G r 0$&1t£#:f£ 
*#HSLTK^ttlL*JB0>AS;*G r £IE?£o^;*G r t 

t>cr>, Bt^ajL^^t^jB-c^^G r (*a 
i7oi) o &k±.<o&mxwtfrm ujittffi-Hiffitt^^G 

r SrSR^#ftttilBCPUl 0 1 M»1lf »TSr»& 
U ^WLM^Tt^ (^£17 0 2) e 
/<*G r tO^Gr^StttSDV 
A^rMtS *I7 0 3) 0 l?^ffilf-^^Kr 
-f*^S5fi, DVA, BUFOllC^f^ (M7 0 

4) . Si»^jfe|fcLfcb**i|*T«:«#U (M317 0 

5) , H8 ^i-^^G r«|B3R«R*«*aa^»tTL 
WI7 0 5- 1) , ^WLtoa^Tt^o 

B U F 1 0 2 2 7 0 6, 7 0 7) B i 

$rL (^17 0 8) , ^«fcfcCPUfc»1(f»T*« 

^^tbLMS^^T-rS (itai7 0 9) . 
fef-^l/a-KtUBUF, CHA, CPUOlC 

•hsu cpuioniiES^T^^i, m&miste 

J£«ri*T"*"5.(*&3ffi 7 1 0 , 7 11) 0 f lW»Jt^ 
[0 0 4 4] J£jL_L<7>£ fcUiJ: 9 , SkBU 
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T^S'** Sr&tf'^G r l:^LT^, WW.fflL«Jfli: 

G r l:» LTK^B ^ 1 5 tf-Ct J: i\ 
[0 0 4 5 ] ±fE<7>*£j££ fcfii, <S& »TflefelBlft£ktt 
i5*W^Gr*ttfflLT, ECC-GrCt^M^ 
f-#l/3-KS:»#)U ECCSrftlDLtrf 

[0 0 4 6 ] i2 8IOTtJ;^IC, ASKS^-* 

^^8»:*«tS/^^rif[B (Mil) Lfc^-g-lc 

^ [00473 ^±r*m 1 <DmMm<7>WLW*mt>z> 0 

[0 04 8 ] ft^'l2C0HW'|{COt^^t^ 0 * 

B&-T-5o »2<7>3llfeff!U;LOl^TIH2 9S:#BLtR«t 
£ a »2W|eflSff!l*RW^5fc^<7>«*|gS:ia2 9t^ 

(TV**. 0*13, 4t(D/^G r BBt fc AW*'5rtB&'5 tf -f 

[0049] *1\ H 1 0 Srffll^T* ^ y 1 0 2 4 Kft 
Jtf tt$tL5rt8S:RSt5o ^^t) 1 0 2 4lif 

^0^7^(0^1 0 0 2 ^ /^Gr«te«ftftH7 F 
P^7A(Dfll 0 0 3 ^, ^^M8l0 04 

^^G r *>«t&RJR©««i 0 0 5 

60 03*Mfta><R« 1 0 0 4 £ , G r 0«tBtt1» 

O^^l 0 0 5 £<7>f*|!g[2, ^1 ^>HW')(7)^^y 1 0 
2 4<7>1^i&3 0 4 £^S&3 0 5 O^rtl^ix 1 1^ — ftwt? 

[0 0 5 0 ] Sfc, »#&**&3£0>:7ci-£. R^fflL 

[0051] &tc, nil 2 osmswo^;* 

G r «M6tt«»SW7 n-iRflti. Hi 1 \Z.7^-ty 

o— i*. iwa^a 1 0 i^^-r^^- y 1024 

So 

[0052] Hill(C*5l^r, "7>f^ci^Dts;tl0 

2 3i5, ^^ey 102 4<7>^j&i 0 0 4Sr#HaurakB 
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i > a &a 1101 x*mm<ns<x g r &±cit h , mm 

Xt£^'** G r £IE?£ 4: LTft^ U (MI 110 3) . 
HiO/^G r tfitetftlli* s<XG r t£fifl*jfl**t^<Z> 
/^Grii»MI^:^5 (Mil 10 
4) o «IB«t«d*H#-C*>5^G r 

S (te3S 1105, 1 1 0 6) o 

[0 0 5 3 ] x^G r t^grt^^tTV^G r flM&HK 
«ft5£M3l 1 0 4ttfH^Hlfifif!l<Z>^G r {CSI^ 
jfet^B*0>A*;* G r WtlttlBStfetoa 8 0 4 4: H3 — t? 

[0 0 5 4 ] _bfB<7>«/$;£:4:£4:, *l 0>SMfc«4:P C 

Sr##IU E C C S:#J0 LTT 5**fl5f-^ t« 
lo*lilS«|J: f3*<IE«»tt^»#5&^5o ^T, IS 

[0 0 5 5 ] $X±xm 2 OlgJSflrjoRKSrJftfeSo 
[0 0 5 6 ] » 3 <DS8*0J{CO^TR93-r5o * 

/SHIS, *i^3llfe*Ji:ra— C*>t>KW*« 
l&t5o m3 0H^iJtCO^TH3 0^#iltMt 
5. *3<7>ISJ6flrjS:RK-rS^«>0«S:HS:ia3 0^ 
"To «3<&jSlteffi|tfc««tt, ECC-GrWSKH 

'**Gr lfc^U'/^Gr 2CDi$a>(C, ^X <D/<*<Dt£ 
A^bE^tt^^O^SraSlR-rS^^G r SMI £.5 J: 5 

[0 0 5 7 ] Si* , H 1 2 S:#SS V l 0 2 4 CO 

B^7A»««1 2 0 3 t /^W)R180|g«l 2 04 
t , G r <7>«t6tt1»<7>«« 1 2 0 5 i tC#a> 

tlTi^o I^iir/^Gr tli, /^^Grl 

'*;*Gr 2 4:, t^to-'^Gr ^/^coH, OS 

^SrSJRLT^Jffl-fS^^G r (jBJMEiJHMS:, BIT. 
altR^^G r 4:^5) i:*<^5. *jH9£« i Jf-*5^TWc, 

[0 0 5 8] /<*<D$tm<D^i& 1 2 0 4 <7?J*I^(3:, f| 1 
<DmM&\<D**rV 1 0 2 40^3 0 4 0f^§iP-/£ 

[0 0 5 9 ] Ml 3&#t&LT&a^-£^;*G r <7>®f£#t 
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m<ommi 205 tR«t £ e **si 20511 s**g 

r 1 0 2 6 - 1 0«fB:R«*:»i*«« 13 0 14:, 
Gr 1026-2 fl>«fig)R1» 1 3 0 2 4:, M 

«/<*G r 1 3 0 3 4: M#£>;h,T 

l^S. ^^GrW*ffitt«-t(7>t<Oli, Sl^WJi: 

[0 0 6 0 ] #CiC, H 1 6 bT^a^-tt^^G r « 

^pynt^tl 0 2 3lt ISf^f^^gfl^ir 

— Si-sa^j^SrH^s (Mil 601). ::r-, % 

3 <nmM&lX~\$, Gr^l 0 2 6-Ul 0 2 6 - 

2^2iWfc5 0 £oT, XKHdi*, |4(:^ 

i~, 1 0 2 4 <D^i£4 0 1-1 4:^^c4 0 2 -1 

ffi«4 0 1-2 iffl«4 0 2 - 2 4:tC*& 
ttSixrt^S^^ttJB'^rtS,. - • W401-n 

£»*4 o 2-n 4:(c*&^^nr^5^^ttti^^^ ; e 
tt^en^— si-s^tin^s. zituc^, 3 001^ 

^IE^r— ife-Ttt^, 3ffl<zm^Hiv<;*G r SriEtttwi- 
5 (Mil 6 0 2) 0 -sift^ftbii, Afcb^r- 

t/^^SMO/^WiwUGr £IE«tcL, g£ 
(? O/^G r StR^W LMCtS (Mil 6 0 3) a 
JB3 0>3MK0!|-t > W: 1 /^^G r^l 0 2 6-Ul026 
- 2 0> 2f@(^^^COr-, USSI-IS, W2|(D/^Gr 
«rfi^^fcft)6^ba«Lfc5S«^^G r 2*, ^<Atti 
*t-#4lv^^/>fti,v^G r CftSo #Jx.l£, 13 

0 tC^-fJ: 5 *fl!l0V;*G r ^/^G r U S 

mvi/txxtb-ox, «ft-r-Y>^f sstt^jcs-rs^^* 

SlRUfct^SraiR^^G r 4:-f£ 0 ^ cO#'J (C*5^T 
[2, /^Gr 20^5^liKlT^5^)T*, 5 
1 1 t^^^*ft«8i s — ifeLttt\ I*, 
Ell 3*c^i-ffl<&iiv<*G r 0«SB#1Bfc*3^-t\ »JR 
^^G r SriE«^ffi{C*r^o G r 1 4:^^G r 2 t 
ttK^tlJLMl:t5. *>L<i3, ^^Gr 2{:o^r 

^. rc^j: pcim^/^G r (Dmmvtm&mTZ't 

40 ^ 0 aStR^^G r 4f(75^^ 

r^^Ii:tS (Mil 6 0 4) D 

[0 0 6 1 ] ^^Gr 0«tBttlB^»tJE*a3ffitt, I5«»J 

ffli^g^«]ffl^®i$^:SB#4:, DVA#/^<D*B'fc-7 

^^^^0-^^-^1 0 2 3tC^Ufr^4:{C*5C^3o 
[0 0 6 2] ^(C, H 1 4 S:#BS Ltf^ii^l07 
v—ZmW-tZo Hl4fci:J8^T, -r^^o^P-fey* 

1 0 2 3(3, f #5itff-^ l/a - K^rCH A 1 0 2 1 
5(7 j5^BUF 1 0 2 2^i^f5 (Mil 401) , S 
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10.2 4<D^%Ll 2 0 5 (C|StgtLT^5^:TC0^^G r 

^Grj)Wfctlli m-c^/^G r , ^«*C0 
i£t x fc£>, <om\Z'<XG r ^riltRi-^o jEH*0>'*;*g r 
tffctfixli, CPUi0lfc»*3»T4r«SU 
^MSrJUT"*-* 1402, 1 4 0 3) a 

✓<*G r SraSJR-CSiXli, BUF 1 0 2 2{:|s^^t 
• SfctP^-* U'a- KS: (n-2) (Ml 
4 0 4) o Rfcl, (n-2) ^LfcJSJfcO^-^SI 
SDIc»LrECCS:MU f-^^rnaCtS (te 
11 4 0 5) o -tlb n|Wf- ttl?tl<Dm& 

mot, 2Kr-oigf^«i^bw^ 

T-&5 0 ECC$rMl«C, SA^/f^^G r <75^^ 
i5««LT^5DVAS:I«t5 *H 4 0 7) 0 C 

<Dm&lZ.&^X, ffi&<Dm&'*XGr &XAj1*t%\Z^ 

✓**g r zmAjtz t*\z.\%, nst. 14 tc^-r^^(D« 

^lt, niWT-^?rBUF, DVA, 3£5v^ 
^*^gcoJiItei£ii£-r£ (M1 4 0 8) o tefiSicijfc 
ijdttCPUlOl d*1!f IfcT £r$S^3: L, (MI 1 4 

0 9) , H 1 6 tJ^tffl^*/^ G r ^«fi!Rtt»S7 

n-t-^trb (ten 4 0 9-D , m^^^m^m 

Ti"6o -CD^fe, jail 4 0 2l:fcvri^^Gr 

fcli, teaSl 4 0 7 (b^ «9 i^-f- (M1 4 0 6) . s 
««rJ»TLfc:«fc:. CPUlOlCMiT^m 

(Mi 4 10). ^Jir-msoi^^jr-os^^^te 

[0 0 6 3] &tci, 815 «r#BB LTR^W LM3®<7>7 

1 0 2 313, ftffltS^Gr 5. ^!)10 

2 4 0>HH« 1 2 0 5 fc1E« Ltl/^itM^/^G 
r <0«fig^1B«:#fflUriE«O^^G r i^tULfi 
O/^Grfclgt. G r # If, »— 

GO, cofllteggffl-f 5 0 ^i^MT^tilLCfffl^l 
fc/**G r tttftlli, CPUlOlCSfi^ 

TtriSL, R*fflLMt»7t5 (M1501, 
1 5 0 2) 0 K*aU£tt/H*Tffifc'<;*G r tffcixli , 
-?T(7)/^Gr^gtSDVA^ItRt5 (Ml5 0 
4) o nfll^^— *^SSfi, DVA, BU 
F^W^teiS-rs (M1 5 0 5) o ^(C^lfeLfcib 
CPUl0ll:««l»T*r«SL M1 5 0 6) , H 
1 6 (C^-f-iE^^^^ G r <DmmVtm&:7£7 n -K^fr 
-f 6 (MI 1 5 0 6- 1) o MI 1501 K*3^T , al 
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A, G r ©tlcRHlL*nrPftP*ttffl©/^iS 

fc5<z>fcfc«, tern 5 o 4*»fe»?)S-r (Mi 5 0 

3) D Lfcf Cft^ Lfc/^ G r T*^T(D1S3[ 

T-^ft^coftb, R^aiirfc^— ^fcW^a^ttt^ 
-^^BUF 1 0 2 2l:Mt5 (M1 5 0 8, 1 5 

0 9) Q ^r^r-^^jHofct :5t-EC c\z.£Z>y* 

-^<7)^g$rL (MH 5 10) , ^ISftbCPUl 
0ll:ft*»7«:«§U R*aLM«:»T-*-£ (te 
it? 11511), -&«* "b^— * — K^LTBUF, 
CHA, C PU<£>JfKtC$Si£U CPU10 1CIEWT 
*«*U R^aLMSrJ»Ti-5 (Ml 5 12,1 
5 1 3) o 

[0 0 6 4] »±^«3oiejfeflHj't i ott^ab*a ! 3ffio7 
* — oRWSrifcfcs. 

[0065] ±.m<o%im£?r ? t , $gi<onmmtmt 

T*£ 5«SC7*-f * ^ ^gteAtH^T-^ S r £ left* CO 
T\ f^U3-K«:»#]U Ecc^oirm 
^ Sffi^co^-^ 1 ^SS 2 coH*£#J J: <3 £ < 1E«KS 

«s i 2 o^jfe^jj: o fS]±-rso 
[oo66] ©Ui-cm 3 <DmMm<Dmw&mt>z>o 

[0 0 6 7 ] ^{c, SB4 036Jfe«nj{io^TRW"fSo * 

SMfi«<^«jai8i*, «i<7>**«i^ra--c*> DRW** 

[0 0 6 8] Hi ZSr^SLT^^y 1 0 2 4{^»JWS 
tt-5rtSP*:RWi-S. ^^eU 0 2 4li, f ^^M 
S^n^7A(OiS8 170U, R^aL&affla^ 
b^5A£>«*1 7 0 2 t BfcffiEflS/^RJg^n^ 
AOWl 7 0 3 ^, /^0)ttl8O««1 7 0 4 itC» 
40 i»tlT^5, ^^CO^^O^^l 7 0 4 1*, IlOHI 
^ij(7>^ til 1 0 2 4<7>1gigc3 0 4 f^-T^6 0 

[0 0 6 9 ] »lHi/^B^o^7AO«« 

170 3 Mi^nr ^s^i^i^^^yD ^7 a 

(DM7o-|;o^r@2 0$:#iiraKt5o El 2 
OM&^T, -7-f^pyPt^tl 0 2 3li, pt^E-y 1 
0 2 4CO^^Sl 7 0 4tC»jWStLS^^Ott1BSr#SftU 

50 M) IZWtlZ-fZ (M2 0 0 2, 2 0 0 3) 0 WJbcOte 
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I$:ECC-G r -5l5«^g^TiC^ LT*3 * 

[0 0 7 0]o?i;, ii8^#itrf4(7)iWjo 

Y^D-/Dts/ti 0 2 3lj:, ^i^tr-x — ^ K 
^CHA10 2 1*^BUF 1 0 2 2^lsit5 (Mi 
18 0 1) o BUF 1 0 2 2 <D"r — f iszi— KSr 

(n-2) ^ftTZ (Mil 802) „ (n-2) 

nfll:t5 (MI1 8 0 3) o CLitb n<@<D^— # ft*: 

r, :oeccii nffloflKS&^'f ^SSIt^rt, 

2flfli/^Gr0 5fe-*SrltJ t , ^fc'^Gr 
^ttltt-rSDVASraiR-r^ W11 8 0 4) o 
T, ni<7)r«^$:BUF, DVA, iBS^ -f :* ^ 

<Dim\z.mm-rz> (M1805) „ te^tcjs^Lfcbc 

P U 1 0 1 U ifcRfc Lfc h C P U 1 0 

lfc**j|*T*r**U »*5&*«a«:ll»T-#-* (Mi 
1806, 1 8 0 7) o ^K'f 4 (7>38JiSff!|-CtO»#j& 

[0 0 7 1 ] &tC, EI 1 9 *#fiR ITS 4 0|£Jfc#'j0R 

O 5 t> — ifr&ilU 1 , 3S/w«^^G r ^iltSD VA$: 
SSlR-f S (Mi 19 0 1) o K^W Lt*— * ^r^^^-r 
DVA, B U F&miZ.m&'t'Z (Mil 9 0 
2 ) . jfelft Lfc b C P U 1 0 1 ^H^T £f81*r 

U R^ffiLMi£#*T-f £ (Ml 9 0 3) o <Ei£U: 

U F 1 0 2 2 iC^fifc-T -5 (Mi 1904, 1 9 0 5). 

I$:L (Mil 9 0 6), ^M/ibCPU 1 0 1 tc» 
HfJIfcTSria&U R*fflL*&&«:J».T"r£ (Mil 9 0 
7) o ^^^T-^l/^^K^LTBUF, CHA, 
CPU(^II:^L, CPU10 KciEffeT^aS 1 
L, R^ttiLMi3:J&T-r£(Mil 9 0 8, 190 
9). J^_bT-fg4 OSeJKflTj"C(OR^ffib«l3a07 n — (D 

[0 0 7 2] ±M<r>mf&hZ>b, AttJ**rt6fclE«8Sfi 
— COE CC-G r ^*«S-*-5^^G r BBt 8 — ScT 
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[0 0 7 3] * 5 ^^W'JCo^tlltSo * 

ECC-G r 1 00>ABJ;t?S:i£T£>'*;*G r £ 

f G r Lt^^f # oMi^^^ntf 5 o ^ 

[0 0 7 4] £i\ 121 *r#ffi Lt^ ^!/ 1 0 2 4C 
ftttSnSrtSSrKWI-S. ^^^ 1 0 2 41^1^^ 

mmm<o^ti^^^<Dmm2 ioit, »wtMSffl 

O^u/7^^l2102t, /^OW^2 1 
0 3 4:, tc#a>nTl>6o o^^co^g^c 2 1 0 3 <D 
rtSFtt»l (OlgSfiffjiD^^- y 1 0 2 4GD^i#3 0 4G0f*l 

^ [0 0 7 5 ] &fC, H 2 2 ITS 5 (OmM&mir 

#i^^I^7P-^St5o 12 2fC*St^T, 
^yotytl 0 2 3fl ^#&tf^— ^ I/a-Kt 
CHA10 21^bBUF 1 0 2 2 — Bi^-f 5 (Mi 2 
201) o B U F 1 0 2 2 <7)r — & £r (n-2) 

(Mi 2 2 0 2) 0 ~<£> (n-2) m<Df—<? 
OftiDI^LTECCSrMt, * n ffifc-f -5 

(Mi2 2 0 3) o rtl^nfi^f-^l^tLm^ 

R^WLa*^*fc^£#tc, R^a-frfet^-^*^ 
r*^-5^^-r*#>6o ECCSrffjaUfcft^, ^!)10 
2 4O««2 10 3/^O««4#BlT, aSjMciKI* 
^fcSsa^SrWI^S (Mi2 2 0 4 ) 0 SkW^fctLii, 

^^^Wjs^fcs^^ow^ji^tea**^* 5 (Mi2 

2 0 5) o akBd^ftJttlfi, 2fiO/^GrO^-^ 
Srsiir^ 3S//tf^^G r dS*jH5-rSDVA4r^JR-r« 

(Mi2 2 0 6) Q tLT, ni(Or-^^BUF, D 
VA, ©^^-r ^^^SOjiSiC^i^-rs (Mi2 2 0 
40 7) 0 Ell^Lt^CPUl 0 ltdESmT&aH 1 
L, **LfcbCPUi0il:*«»H«:itU 
&^Mi&j&T-t*£ (Mi2 2 0 8, 2 2 0 9) 0 

[0 0 7 6 ] O^tC, H2 3*#HU, ^^{ClSkHE^fc 
^t^O^^^^Mi^^n-^^^-r^o l2 3i:jo 
^T, ft*0>/<;*G r ^raltJ 5 , G r ifrfflfiOr* 

D VA^iRtSo tLT, n <@ Or — # ^BUF, D 

va, m&T* x?$i&(nm\z.mm~fz> 0 mm\z.^i, 

fcbCPUlOl ^ffeT^^LTMl^b^o 
(Mi2 302, 2303, 2 304) o J£iJr<7>Mi£: 
50 f^^MfOECC-G r \zmWz-tZ>'<XG r O^T 
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t^Lr&^ft 5o -ffcfc*>, IBft/^GrSrSa -t 

[0 0 7 7] #c«c, H 2 4 *:#SR trf 5 <r>nmm<nto 

^ n^n-fe ^iM 0 2 3 13, 1 0 2*40^2 1 

0 3 0/^(7)^ll:#SLT, '■W£#«j&**>-5*»«:m 
(M2 4 0 1) o «cB^fcttK, /^KiSfeBa** 
5£#tf>tt^HJL*&S*:fcrjfe5 (ft!2 4 0 2) . 
Btffctfixtf, 2ffl(0/**G r <Z>5*> — 
tf^^G r ^IBU-rSDVASraSJR+S (M2 4 0 
3) o K^tiJL^— ^ift^^ DVA, B 

UFOHS{C^i^-rs (MI2 4 0 4) 0 ^(C^L/c 

ibcpuioicasfiT^t, Bt^a Ltea'Srn* 
T-r 5 mm 2405) . KfiSfc:/** u/t e> , 

G r X-±X<Dm$L7*'<i * ? SSB^btt^W L2*r* 

i^R^tttfe^f-^irBUF 1 0 2 2{cMt5 
WI2 4 0 6, 2 4 O 7) . ±X<Dy*~- ffrWl^fzt 

8) , T^ftftfeCPUl 0 ltw»«J»TS:«*U. tt 
^tbL^^^r^T-r^ -(tea 2 4 O 9) 0 -&*&ftb^- 

CHA, C PUCOjffltC^i^ 

l, cpu 1 0 KciE«j|ftT*«*b, w^auiaa* 

f&T-fZ) mm 2410, 2 4 1 1). 

[0 0 7 8] H2 5«r#B8UT/^^JCiSk|»3&«fc5i:#0 
R^ffiU&aS^^P — ^PJt5 e ftlCCO/^^G r %m 
XI, ^(75^^G r 36«*Jfi-f5DVA*:atR-r«o b 
T\ nlOf-^^DVA, fl^T^^SSa, BUF 
<z>W{cte3*-t-S. CiStC*»C LtbCPUlOl K«# 
MT^S§Lrtt$:ft^Sc (MI2 5 0 2, 2 5 0 
3, 2 5 0 4) 0 Bl±(75«ia*rBe^aU»*(7>ECC- 
G r CfttttS^^ G r <04t Ltfe^ ft }. ~fft 

I 0 0 7 9 ] _biE<7>*?t £ t , HB<*>/<* G 

#$'JLr, E C C LtetT*^ 5H»(7)f*-^ W 

iS<{£r, E«»]«iK«^ft«tt*«iPi±r*. Kir* 

[0 0 8 0 ] EAiKWLfcJ: ±IE 5 ooSIJSflHc 
J:ixtf, ^^oakB^^ftt^-'^G r *:«#5&^i:IR^. 

Lfc/<* 2* E C C r IT jE-siffi ft ffl ft£A 1*3 CO <^ £:R^fciJ 
ffiL«c{£JflT*fgft^;*G r #Affi*r#fc^lEttSS«{c 
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CC-Gr 1 IIWAHiAtliO/^G r r*5 

Ecc*<+JDurr* s*s<^— ^fcistttur^siE 

«K«<&ffl***« W *«UH bft t bt -4*1 Jor * 

[0 0 8 1 ] ±lE|MS#|rti:, «#&^£R^tij 

L£fc:ttJfl*Tffifc^;*G r tf^fciSfcBtt^SrStfri^S 

011 U #cB»^*:£ ^^5o rco^HL AMEBIC 
£ 5fEft^S<7)E CC-G r ^SfflW*5^SO 

r, E«wj»8*<Dfflr«tt3&«m±r*. 
[0082] su<z>4MS:£ ir, ' ia«K«^«tt-r 
£/<*<7>rt, ifflrt>i!ftBLfcfc^roia«K«{csgtt-r 
£/<**£r»3ffi«£H!*£-r«5o C0>tt», ^-^u 
= -K«r»#lbr, ECC*rf^ja;UfcjB*r*-5«»o 
^^■*»#iia?>S1ElSSg«35 5 H CECC-Gr 
t5/^GrBt*-St5o ioT, f^^^Ctl 

<z>tt^aiU3a*r*-5« 

[0 0 8 3 ] £btc> 8U<Z>^a^Lr, ECC-GrlC 
tt«8*^^G r Offl-g-frS^^lBlBbriS*, ECC 

-g r \cM^x^2&^&f^\$m&m^<n^m&&m'r 

5/^GrW^ e SU0>#«^Ur, *'**G 

r rAffiAr* SlEttcSSSd*— Sfebfc^0#, fi'&iirlwjfc 
fitO^Grtrffll^, £*xfcJ:SK ECC-Gr 
Ii#t5 1 ®<fcAfcti* G r r*5Cft 50 

^ r, E«KS^*iia-r5^^wrt, lfflrttt^^rfigft 

-t^|B«««{C*#ii^36«r#5o £or, EL 
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